Identifying processes that may interfere with corrective learning during treatments for anorexia nervosa (AN) may help to improve the effectiveness of existing interventions. We propose that certain cognitive processes characteristic of the AN temperament may help explain previous findings in AN suggesting difficulty updating previously learned associations and learning from feedback. Specifically, we hypothesize that engagement in repetitive negative thinking (RNT), including worry and rumination, could interfere with corrective learning that is critical to the success of behavioral treatments. In doing so, we draw from existing work in anxiety and mood disorders linking RNT to the maintenance of symptoms and poorer response to cognitivebehavioral treatments. Next, we outline hypothesized mechanisms through which engagement in RNT before, during, and after exposure to aversive stimuli could interfere with learning in AN. We then provide recommendations for how these hypothesized associations could be tested in future research. Although prior work has suggested that RNT processes are common among individuals with AN, this work has been primarily descriptive in nature. We propose that extending this work through direct examination of the impact of active engagement in RNT on corrective learning could aid in identifying AN maintenance processes that could be explicitly targeted in treatment.
| INTRODUCTION
Repetitive negative thinking (RNT) refers to cognitive processes that are repetitive, passive, focused on negative content, and are experienced as uncontrollable (Ehring & Watkins, 2008) . RNT processes, which include worry and rumination, are commonly observed across different forms of psychopathology (Ehring & Watkins, 2008) , and more recent evidence suggests elevated RNT in eating disorders (Smith, Mason, & Lavender, 2018) , although this research has remained primarily descriptive in nature. Importantly, RNT processes represent one factor that could interfere with the corrective learning that is crucial to the success of behavioral treatments for eating disorders, and may thus contribute to the maintenance of symptoms. More specifically, current treatments for eating disorders require that individuals replace learned associations that may drive engagement in maladaptive behaviors (e.g., "Food is dangerous"; "Weight loss is rewarding"), and shift toward learning new associations focused on long-term rewards and goals associated with recovery (e.g., "I can eat regularly without experiencing catastrophic weight gain"; "By eating, I can meet my occupational goals"). In this paper, we propose that engagement in RNT may interfere with corrective learning that is central to treatment success, focusing specifically on the example of anorexia nervosa (AN). The example of AN is most appropriate given recent evidence suggesting that individuals with AN may demonstrate neurobiological alterations in systems that influence learning from reward and punishment, as well as experimental data indicating that AN may be characterized by particular difficulties in updating previously learned associations and responding effectively to positive feedback Foerde & Steinglass, 2017; Lang, Stahl, Espie, Treasure, & Tchanturia, 2014) . Moreover, existing AN treatments are not efficacious for most patients (Watson & Bulik, 2013) , and initial evidence supports that altered decision-making processes in AN may predict worse treatment outcome (Cavedini et al., 2006) . As such, characterizing learning processes and identifying factors that could interfere with corrective learning may inform critical improvements in intervention efficacy for AN, as well as for other eating disorders for which the mechanisms discussed below may also apply.
| Links between RNT and the AN temperament
Anorexia nervosa is characterized by a temperamental profile involving aversion to novelty, elevated sensitivity to punishment, and intolerance of uncertainty (Brown et al., 2017; Harrison, O'Brien, Lopez, & Treasure, 2010; Kaye, Wierenga, Bailer, Simmons, & Bischoff-Grethe, 2013; Kesby, Maguire, Brownlow, & Grisham, 2017) . Studies of temperament also suggest that these tendencies promote highly frequent RNT (Smith et al., 2018) . That is, RNT can be conceptualized as a cognitive manifestation of temperamental traits common to AN. Work across other forms of psychopathology suggests that RNT processes contribute to symptom maintenance (Ehring & Watkins, 2008; McEvoy, Mahoney, & Moulds, 2010) , and while the content of RNT may be unique to each disorder, it likely represents a unitary process with symptom-specific manifestations (Ehring & Watkins, 2008; McEvoy et al., 2010) . Emerging work in anxiety and depression also suggests that RNT may influence information processing in a way that perpetuates symptoms over time (e.g., Demeyer, De Lissnyder, Koster, & De Raedt, 2012) . However, despite research suggesting that individuals with AN may demonstrate levels of RNT significantly higher than individuals with anxiety disorders (Startup et al., 2013) , there has been limited work addressing how RNT may precipitate AN symptoms or interfere with corrective learning integral to treatment success.
1.2 | RNT, corrective learning, and symptom maintenance: Lessons from anxiety research Existing psychological treatments seek to provide individuals with corrective information to "update" maladaptive associations and decrease avoidance behaviors (Craske et al., 2008) . Corrective learning around aversive experiences requires: (a) making explicit predictions regarding future events (Schultz, Dayan, & Montague, 1997) , (b) approaching and encoding information about an event as it occurs, (c) encoding deviations from predictions as "prediction errors," and (d) updating stored information regarding the probability of a given association and changing behavior to match experience (Schultz et al., 1997) . In treatment, "corrective" information often relates to the non-occurrence of a previously predicted outcome (i.e., "What I thought was going to happen did not happen."), changes in the assessment of tolerability of an outcome (i.e., "My predicted outcome occurred, but I was able to handle it."), or introduction of a new, competing association (i.e., "Doing things that scare me allows me to meet long-term goals.").
Anxiety disorders can serve as a useful model for how RNT may interfere with corrective learning in AN, given that symptoms of anxiety and AN may both include pervasive avoidance of stimuli perceived as aversive or intolerable. Past work in anxiety links RNT to the anticipation of feared experiences and suggests that it drives avoidance, thus interfering with corrective learning. Specifically, Paulus and Stein (2006) hypothesize that a perceived discrepancy between one's goals and an expected, future aversive experience promotes engagement in RNT (e.g., worry) in an attempt "solve the problem" and resolve perceived discrepancies. However, RNT perpetuates negative affect and arousal (Ehring & Watkins, 2008) , which may prompt further cognitive avoidance of thoughts (e.g., suppression) and behavioral avoidance of the aversive experience to down-regulate negative affect (Selby, Anestis, & Joiner, 2008) . Accordingly, engagement in RNT and subsequent behavioral avoidance may interfere with learning that perceived aversive experiences are not dangerous or learning that negative affective or physiological states are tolerable, thus maintaining symptoms over time (Paulus & Stein, 2006) . This suggests that RNT could prevent therapeutic learning, consistent with findings that RNT is associated with worse response to cognitive-behavioral treatments (CBT) for anxiety and depression (e.g., Jones, Siegle, & Thase, 2008) .
Although no studies have evaluated associations between RNT and learning in AN, research supports more general aberrations in the processing of aversive stimuli in AN, which could influence learning processes. For example, individuals with AN report greater sensitivity to punishment (e.g., Harrison et al., 2010) , which is associated with increased engagement in worry (Torrubia, Avila, Moltó, & Caseras, 2001 ) and relates to learning performance (Shott et al., 2012) . Furthermore, AN neuroimaging research investigating the prediction and experience of aversive stimuli indicates differences in brain activation before, during, and after aversive experiences (Berner et al., 2018 ).
| The intersection between RNT and corrective learning in AN
We propose that RNT could interfere with preparing for and experiencing perceived aversive stimuli in AN, which in turn, could interfere with learning that predictions are not accurate (e.g., "Weight gain does not occur following eating a high-fat food."), or, if accurate, are tolerable (e.g., "Bloating is uncomfortable, but I can handle it.").
Below, we outline ways that RNT could interfere with learning throughout aversive experience (Figure 1) , and provide examples of how this may manifest clinically (Figure 2 ).
| Step 1: Anticipation of a perceived aversive experience
Anticipatory RNT prior to a corrective experience could influence learning in several ways. Effective anticipatory processing requires making accurate predictions, and mobilization of neural/physiological resources to prepare for effective behavioral responses to these predictions. RNT may be initially triggered by a discrepancy between an anticipated aversive stimulus and goals (Paulus & Stein, 2006) . Thus, in anxiety disorders, RNT commonly occurs when anticipating negative experiences. Existing work in AN suggests abnormalities in neural signaling in the anticipation of aversive stimuli, which is thought to have downstream effects on an individual's processing of these experiences (e.g., Berner et al., 2018) . Although no studies have considered RNT in these paradigms, initial signaling regarding an upcoming aversive experience may prompt a vacillation between RNT, resulting in increased negative affect, and subsequent attempts to suppress or avoid affective experiences through emotional distancing. Both of these processes could interfere with an individual's ability to accurately predict and prepare for an aversive experience, interrupting learning.
|
Step 2: During the perceived aversive experience When exposed to a perceived aversive stimulus, learning requires attentional engagement with the stimulus to encode information and, if necessary, update one's evaluation of the stimulus and its outcome (i.e., did the anticipated outcome occur?). RNT during a corrective experience could interfere with this process. Several candidate mechanisms could account for this effect. For instance, RNT may function as a form of cognitive avoidance (Ehring & Watkins, 2008) . Given the importance of decreasing avoidance in promoting corrective learning (Craske et al., 2008) , RNT could interfere with learning that a previously feared stimulus is not dangerous or that an aversive state (e.g., affect, physiological state) is temporary and/or tolerable. Temporary avoidance of negative affect via RNT during an aversive experience also could be negatively reinforcing, thus maintaining beliefs about these affective states as harmful and intolerable. Additionally, RNT during an aversive experience could also influence encoding of prediction errors that promote corrective learning. Prediction errors are encoded via dopamine in the striatum, and, when encoded successfully, promote learning and subsequent effective adaptation to the environment (Schultz et al., 1997) . Recent evidence indicates an important temporal quality to the encoding of aversive prediction errors (Spoormaker et al., 2011) . Specifically, when an experience differs from an organism's prediction, the dopaminergic prediction error signal takes place at the offset of the aversive cue. If encoding of this prediction error is essential to new learning, engagement in any alternative cognitive activity, including RNT, during the offset of the aversive cue could interfere with this process. Consistent with this possibility, recent neuroimaging work supports altered prediction error signaling in AN (Frank et al., 2018) . Engagement in RNT during aversive experiences could also decrease working memory capacity and thus interrupt the update of corrective information necessary to shift expectancies and predictions (O'Reilly & Frank, 2006) . Finally, increases in autonomic arousal associated with RNT (Ottaviani et al., 2016) could be encoded as threat-related information, particularly for individuals high in anxiety sensitivity (i.e., fear of behaviors or sensations associated with anxiety). Notably, recent theoretical work has highlighted that the experience of approaching food in AN may confirm expectancies (Murray, Loeb, & Le Grange, 2016) , particularly when feared consequences are likely to occur (e.g., experiencing negative affect; feelings of "fatness;" or bloating). However, we propose that even in such instances, RNT during an aversive experience could interfere with corrective learning in several ways. First, RNT could escalate affective symptoms (e.g., physiological and/or experiential) in a manner that narrows the potential for learning that feared outcomes are tolerable or transient. (Ehring & Watkins, 2008) , and that maladaptive updating of memories may be implicated in the maintenance of anxiety (Fernández, Pedreira, & Boccia, 2017) . Memories remain malleable for a short period of time, during the consolidation period (e.g., Schiller et al., 2010) . If a memory is reactivated through exposure to an associated aversive stimuli or other contextual cues, new information can be incorporated into the memory during the reconsolidation period (e.g., Schiller et al., 2010) . Engagement in RNT during the initial consolidation period could incorporate negatively valenced information into memory, biasing the individual's encoded memory of the event. Furthermore, if the memory becomes malleable again at a later point (e.g., through exposure to a cue prompting recollection of the experience), engagement in RNT could also prompt "updating" of the memory to include negatively valenced information inconsistent with corrective learning.
| FUTURE RESEARCH
Individuals with AN display elevated RNT, aberrant processing of aversive stimuli, and demonstrate difficulties updating previously learned associations and adjusting behavior in response to positive feedback. However, research is needed to characterize the complex nature of the associations between these phenomena. Recent work integrating neuroimaging and ecological momentary assessment has suggested that greater emotional suppression, indexed by greater down-regulation of reward-related brain regions during an emotion regulation task, may increase later RNT, and in turn, promote AN behaviors (Seidel et al., 2018) . However, the nature of the links between these variables remains unclear.
Future experimental studies should use established protocols for inducing RNT (Nolen-Hoeksema & Morrow, 1993) to directly evaluate its influence on the anticipation, experience and after-experience of learning events. This might involve inducing RNT at various points in a learning-related experimental paradigm and testing the effects of RNT on attention toward salient stimuli, learning, and memory for the experience. Further, neuroimaging paradigms that permit assessment of neural signals associated with anticipating and experiencing negative stimuli (Frank et al., 2018) should directly assess participants' engagement in RNT throughout learning, and explore whether engagement in RNT influences neural activity (e.g., prediction error signal).
Importantly, although evidence suggests that dietary restriction may function to avoid aversive outcomes (e.g., weight gain) or emotional experiences (e.g., anxiety), AN symptoms may also be driven by previously acquired, positive associations (e.g., pursuit of rewarding feelings of achievement). For the purposes of the current paper, we have chosen to focus on how RNT may play a role in the experience of perceived aversive situations in which one can cite a feared and/or undesired outcome, as this represents the most natural extension from prior work in other disorders. However, it is possible that RNT could function in a similar manner to prevent corrective learning in other domains. For instance, if RNT is triggered in response to feelings of loss (i.e., "loss" of eating disorder-related accomplishments), it may interfere with corrective learning regarding the benefits of decreasing eating disordered behaviors.
The majority of past research on RNT in AN has used measures of "symptom specific" rumination (Smith et al., 2018) , and literature in anxiety and depression suggests that such scales may confound assessment of RNT with disorder-specific symptom assessment (Ehring & Watkins, 2008) . Therefore, researchers exploring RNT processes in AN should consider using non-symptom-specific assessments to clarify the contribution of RNT processes to the maintenance of the disorder. Finally, we focused on RNT in relation to AN specifically given the greater volume of research exploring altered aversive processing in this population, and to comprehensively review our theoretical hypotheses as they apply to one disorder. However, RNT is a transdiagnostic phenomenon and may relate similarly to cognitive processing across eating disorders. Thus, future research should consider whether the outlined associations are similar across eating disorders and other forms of psychopathology.
| CONCLUSIONS
Repetitive negative thinking is elevated in AN and is associated with the AN temperamental profile. Characterizing links between RNT and AN symptoms and testing the possibility that RNT interferes with corrective learning could aid in better understanding the maintenance of the disorder. Future research should directly test associations between engagement in RNT and learning to evaluate the proposed associations. Overall, increasing awareness of cognitive processes that Torrubia, R., Avila, C., Moltó, J., & Caseras, X. (2001) . The sensitivity to punishment and sensitivity to reward questionnaire (SPSRQ) as a measure of Gray's anxiety and impulsivity dimensions. 
